The parameters of a stochastic production frontier and the determinants of X-inefficiency are estimated simultaneously using a maximum likelihood estimator proposed by Battese and Coelli (1995). The purpose is to test the effect of local control and funding on public school X-inefficiency.
I Introduction
Local funding of public schools is under attack because of its perceived inequities. Switching from local to state funding, however, may adversely affect public school performance. Hoxby (1999) , for instance, argues that local funding and control of schools, through a Tiebout mechanism, can generate lower costs and greater attainment than a system with state funding and control. Here, we estimate a stochastic production frontier and provide direct evidence that intrastate variations in local support affect school system X-inefficiency, as she predicts.
In our view, local control produces a more efficient school system because it locates decision making with the people who have the greatest stakes in the school system. It provides greater authority to parents and students acting through parents, so that their expectations can promote better school performance. Local property tax payers also have incentives to promote efficient schools because the value of the better schools gets capitalized into property values. Finally, school administrators and teachers also benefit from increased local property values Hoxby (1999) .
The evidence provided below is based on data from the 1990 census and the National Center for Education Statistics. An educational production function is estimated using an estimator proposed by Battese and Coelli (1995) that simultaneously estimates the parameters of the stochastic frontier and the determinants of X-inefficiency. Battese and Coelli (1995) proposed a stochastic frontier model for panel data in which the inefficiencies can be expressed as specific functions of explanatory variables. The model below is a special case where only a single time period is considered (i.e., cross section). The model can be expressed as
II The Stochastic Frontier Model
where Y i is the production of district i; x i is a kx1 vector of inputs;
β is a vector of unknown parameters; V i are random variables which are assumed to be independently and identically distributed N (0, σ 2 v ) and independent of U i which are non-negative random variables that account for technical inefficiencies in production; U i are assumed to be independently distributed as truncations at zero of the N (m i , σ 2 U ) distribution. The mean inefficiency is a deterministic function of p explanatory variables:
where δ is a px1 vector of parameters to be estimated. Following Battese and Corra (1977) 
The inefficiencies, U i , in equation (1) can be specified as:
where W i is defined by the truncation of the normal distribution with mean zero and variance, σ 2 U . The parameters of the model (β, δ, σ 2 , and γ) are estimated using the maximum likelihood estimator (MLE); the likelihood function can be found in the appendix of Battese and Coelli (1993) . 1 The translog production function is used, measuring output as the average district performance on standardized tests. The inputs, Some studies have found that district performance is affected by other socioeconomic characteristics like the poverty rate, percent on subsidized school lunch, etc. Thus, the district's poverty rate is also included as a determinant of X-inefficiency. Finally, school district enrollment is likely to influence district efficiency, especially in higher grade levels where student specialization becomes more pronounced.
[ Chubb and Moe (1990) The Oklahoma data are particularly useful in estimating an educational production function because many of the variables exhibit large variation, as can be seen in Table 1 . One of the problems in studies of this type is that district revenue can be correlated with the the wealth or income of district residents. If the children of wealthy residents are beneficiaries of unmeasured investments in human capital, then it would not be surprising to find that schools in those districts are more efficient even if they are not. Consequently, a successful estimation strategy would be one that takes advantage of exogenous means of financing. In Oklahoma there is an important source of school funding that arises from way local property taxes flow to the school district.
In some districts a significant portion of local property taxes flow from public utilities and services -electric power generation, natural gas service, and pipelines -which are taxed based on the location of their physical plant. This means that a school district fortunate enough to have a power generating plant (or other utility) in its confines has a high revenue base independent of the income of district residents.
The exogenous variation in revenue and spending per student helps to identify the production function.
In order to take advantage of this important source of exogeneity, an instrument is created for local revenue based on the district's potential tax revenue from public utilities. 6 The approach is similar in spirit to Hoxby (2001) who creates a set of simulated instruments to eliminate potential sources of endogeneity in regressors. Because the valuation of the public utility tax base is credibly exogenous to district finances, it provides a useful instrument for our purposes.
A provision in the Oklahoma Constitution sets maximum legal milages for state school districts. Potential revenues would all be a constant proportion of the valuation of public services property (VPS ) and, hence, this is used in the formation of instruments for our data.
The VPS is collected from Volume 2 of the Oklahoma Department of Education's 1988 -1989 Annual Report (1990 .
Predicted values of Local $ and Total $ are obtained in 'first-stage' regressions and used to replace potentially endogenous variables within the efficiency equations. 7
IV Results
The MLEs are obtained for each of 4 output measures: 3rd grade, 7th
grade, 9th grade and 11th grade test scores. The coefficient estimates and corresponding t-ratios for the frontier production functions are presented in Table 2 . The lower panel of the table gives the estimates (and t-ratios) of the effects of the local support variables (along with poverty and enrollment) on X-inefficiency.
The coefficients on Local$ are negative and significant for each grade indicating that higher proportions of spending from local sources (holding total revenue and the number of households constant) improved technical efficiency. This suggests that replacing $1 of state or federal support with $1 of local support will improve efficiency. The coefficients on T otal$ are positive for each grade and significantly so at the 5% level for grades 3, 7, and 9. This supports the finding that greater proportions of funding from the local level improve efficiency.
If a district decides to unilaterally increase local support by $1 then both Local$ and T otal$ will increase by equivalent amounts. The analysis suggests that inefficiency will actually increase; the positive T otal$ effect dominates the negative Local$ effect on inefficiency.
The other control variables in the inefficiency equation have reasonable coefficients. The poverty rate contributes to school inefficiency in each grade, indicating that it takes more dollars to achieve a given output in school districts with greater poverty.
The estimates of the effects of size on efficiency, which indicate that districts with more students are more efficient, are also plausible. The inefficiency decreases at a diminishing rate, reaching an optimal size in the range of 16,320 to 20,450 students. Only the Oklahoma City and Tulsa City school districts in Oklahoma have enrollments beyond this range (over 35,000 were enrolled in each district). Thus, these results suggest that larger school districts (except for the two largest)
are associated with greater technical efficiency.
Although our intent is not to enter the money-matters melee, we have computed output elasticities at the mean values of ln (I$/S), ln (N $/S), and ln (SP $/S) based on the estimated production function
in Table 3 . The elasticities of test scores with respect to instructional spending are statistically positive at the 5% level for 3rd, 9th, and 11th grade scores. The elasticities with respect to noninstructional spending and support spending are not statistically different from zero. Based on these estimates, shifting a dollar from other to instructional spending would improve school testing performance. In addition to operating inside the production frontier (X-inefficiency), this result suggests that schools use an inappropriate mix of inputs.
To our knowledge, the results are unique in showing significant relationships between X-inefficiency and other variables. Bates (1997) and Deller and Rudnicki (1993) 
V Conclusion
Numerous studies of the education production function have yielded conflicting results about the effect of more resources on education outcomes (Hanushek 1996) . Ample evidence exists, suggesting that some public schools do a better job than others in transforming the resources into educational outcomes. We know, citing just a few studies, that: schools or school districts matter (Deller and Rudnicki 1993) , principals matter (Chubb and Moe 1990) , and teachers matter (Ferguson and Ladd 1996) . We contend that one of the reasons for the conflicting evidence regarding the effects of more spending per student or more teachers per student is that the average production function approach used in many studies is a misspecification. The evidence that some schools use resources more efficiently than others makes using a frontier production function compelling. In our model, we find positive but small elasticities of test scores with respect to instructional spending, and we also find significant inefficiency. Understanding the sources of the inefficiency and figuring out ways to reduce it are as important, if not more important, then more resources in improving performance.
Resources matter, if they are used wisely.
Although money in the form of instructional expenditures matters, there is wide variation in the efficiency with which districts use available resources to educate students. In particular we find that collecting a larger share of the district budget at the local level tends to improve efficiency. The results also indicate that merely increasing local property assessments to fund schools may not improve technical efficiency (though test scores may improve marginally) since efficiency may decline as the total revenue increases. Additionally, districts having a relatively large number of students tend to be more efficient than smaller ones.
Notes 1 Computations were performed using FRONTIER 4.1 (Coelli 1996) .
2 In the translog model, the natural logarithm of each variable enters in levels, their squares, and their cross products.
3 For instance, if a district levies a higher property tax which increases Local$/Household, then for %Local to be held constant in a regression sense, T otal$ would have to increase proportionately.
4 Interpreting the effect of changes in the number of households holding all other variables in the model constant is difficult and a thorough analysis is left for future research. The number of households in the district has several potential effects.
Increasing the number of households holding funding levels constant causes local revenue per household to fall which is expected to decrease district efficiency. Another possibility is that for a given student population, having more households decreases the proportion of district households relying directly on the public school system. If districts that have relatively fewer households with children scrutinize district expenditures more carefully, then efficiency could increase. This effect would occur if households having children are more prone to reflexively give the 'rubber stamp' of approval to district requests. There is also the possibility of aglomeration economies associated in districts having more households.
5 There are actually over 600 school districts in Oklahoma. We eliminated from our sample all that do not offer 1st through 12th grades.
6 We would like to thank an anonymous referee for suggesting this.
7 Instruments used include all exogenous variables in the system, ln(VPS ), and 
